To investigate the origin and maintenance of the genetic discontinuity between Atlantic and Mediterranean populations of the common sea bass (Dicentrarchus labrax) we analysed the genetic variation at a fragment of mitochondrial cytochrome b sequence for 18 population samples. The result were also compared with new or previously published microsatellite data. Seven mitochondrial haplotypes and an average nucleotidic divergence of 0.02 between Atlantic and Mediterranean populations that matches a Pleistocene allopatric isolation were found. The frequency variation at the cytochrome b locus was many times greater between Atlantic and Mediterranean populations ( = 0.67) than at microsatellite loci ( = 0.02). The examination of the different evolutionary forces at play suggests that a sex-biased hybrid breakdown is a likely explanation for part of the observed discrepancy between mitochondrial and nuclear loci. In addition, an analysis is made of the correlation between microsatellite loci points towards the possible existence of a hybrid zone in samples from the Alboran Sea.
INTRODUCTION
Understanding the origin and maintenance of genetic discontinuities remains a central point in evolutionary biology which is exemplified by recent publications which examine the classical dilemma of allopatric vs. sympatric speciation (Orr and Smith 1998; Dieckmann and Doebeli 1999; Kirkpatrick 2000; Schluter 2001; Via 2001 ). The question is especially relevant in the sea, where efficient physical barriers are difficult to find (Avise 1994; Palumbi 1994 Palumbi , 1996 . Basic information enabling us to identify genetic discontinuities is far less abundant for marine species than for terrestrial ones (see for example Avise 1994 Avise , 1998 Avise , 2000 Bermingham et al. 1997; Bowen and Grant 1997; Lessios et al. 1998; Arnaud et al. 2000; Lee 2000; Muss et al. 2001; Perrin and Borsa 2001; Planes and Fauvelot 2002) .
Regardless of the possible existence of sympatric or nearly sympatric (microallopatric) cases of genetic divergence (Duffy, 1996; Mokady and Brickner 2001; Carlon and Budd 2002 ; Rundle and Schluter 2002) , it has been established that actual or ancient physical barriers have also played an important role in promoting reproductive isolation in the marine environment, leading in some instances to allopatric speciation (see Knowlton et al. 1993 for the Panama isthmus).
Among the mechanisms frequently invoked for forming barriers, it is common knowledge that Pleistocene glacial episodes have been characterised by cyclical variation of sea level and surface temperatures which have significantly influenced the physical connection between water masses and their inhabiting species. This is true around the Gibraltar strait where cold episodes are thought to have restricted populations of temperate species further south along the African coast in the Atlantic Ocean or further south-east in the Mediterranean Sea off the coasts of Libya and Egypt. Thus, many species ranging on each side of the Gibraltar strait are expected to have experienced this process of cyclical fragmentation followed by genetic differentiation (see for instance Borsa et al., 1997) . It is Lemaire et al. pg. 4 unclear whether evidence of these processes remains, or whether their effects vanish at each interglacial warm episode because of subsequent gene flow.
The common (or European) sea bass (Dicentrarchus labrax L. (1758) , Teleost; Perciformes, Moronidae) is one example where such evidence is still detectable. This fish ranges in coastal waters of the Atlantic Ocean from Scandinavia to Western Sahara and in the whole Mediterranean Sea, and previous genetic works based on allozymes and mitochondrial markers have led to the identification of three genetically distinct zones : the north-eastern Atlantic Ocean, the western Mediterranean and the eastern Mediterranean (Benharrat et al., 1983; Patarnello et al., 1993; Allegrucci et al., 1997; Caccone et al., 1997; Cesaroni et al., 1997) . On the basis of the six microsatellite loci, the transition zones have been localised between the Atlantic (plus the Alboran Sea) and the western Mediterranean, at the AlmeriaOran oceanic front (Naciri et al., 1999) , and between eastern and western Mediterranean somewhere around the Siculo-Tunisian strait .
In this paper, we focus on the study of the former transition zone. Understanding the maintenance of transition zones is particularly relevant in the context of discussing speciation mechanisms occurring in the sea, as D. labrax has great dispersal potentialities including a planktonic larval phase of two to three months (Pickett and Pawson 1994) and a migratory behaviour of adults (Barnabé, 1980; Pickett and Pawson, 1994) , both which could lead displacements over several hundreds of kilometres (Pickett and Pawson, 1994) . Despite these features, a clear transition appears to occur in the eastern part of the Alboran Sea (Naciri et al., 1999) . The equilibrium gene flow (N e m) between the two basins has been estimated from a highly significant ST F (θˆ= 2.23%) to be the result of approximately only 11 effective migrants per generation (Naciri et al. 1999) , whereas the same study also revealed fairly homogeneous populations on either side (θˆ=0.010, p<0.001 in the Atlantic and θˆ=0.002, p>0.05 in western Mediterranean). These results support the hypothesis that the physical Lemaire et al. pg. 5 barrier has not been sufficient to prevent gene flow between Atlantic and Mediterranean individuals. Thus while a physical barrier may well be the source of this genetic discontinuity, a genetically determined barrier is invoked to explain its persistence.
A genetic barrier may result from a multitude of mechanisms, including post-zygotic isolation such as hybrid breakdown (endogenous factors) or disruptive environmental selection (exogenous factors), pre-zygotic isolation mechanisms such as philopatry (Fitzsimmons et al. 1997; Buonaccorsi et al. 1999 , but see also Buonaccorsi et al. 2001 for criticisms), assortative mating/sexual selection (Hull, 1998; Nagel and Schluter, 1998) or habitat choice (Behegaray and Levy, 2000; Schmidt et al., 2000; Rocha et al., 2002 , Bierne et al. 2002 . These mechanisms may all contribute to speciation (Kirkpatrick and Ravigné 2002) . In the presence of local adaptations, parapatric speciation can occur between adjacent populations if such behavioural processes and genetic drift are sufficiently strong to counteract the homogenising effects of gene flow (see for instance Gavrilets et al., 2000 for theoretical developments), and thus the effective dispersal behaviour of individuals is a key parameter.
While the whole genome should roughly be equally affected by a physical barrier, genomic heterogeneity may arise in semi-permeable genetic barriers to gene flow because of the occurrence of selective pressures (Barton Hewitt 1985 Harisson 1990; Rieseberg et al. 1999) . As the mitochondrial genome is not physically linked to the nuclear one it may exhibit different dynamics, crossing the genetic barriers more rapidly, being influenced by sex-biased isolation mechanisms (e.g. sex-biased hybrid breakdown or even philopatry), or it may itself be involved in some kind of reproductive isolation (Clark and Lyckegaard 1988; Burton et al. 1999) . It has thus been important to compare the mitochondrial genome dynamics with those of the nuclear genome (Harisson 1990 ). The present paper shows that the comparison between nuclear microsatellites and mitochondrial DNA data in D. labrax is also Lemaire et al. pg. 6 relevant, as it not only corroborates the presence of a genetic barrier but sheds some light on its maintenance, strongly suggesting the existence of sex-biased reproductive isolation mechanisms.
MATERIALS AND METHODS

Sampling
Eighteen samples were chosen around the Almeria-Oran front: 7 samples were located in Atlantic Ocean, 3 in Alboran Sea and 8 in western Mediterranean. Ten samples were similar between this study and that of Naciri et al. (1999) , 3 to that of Bahri-Sfar et al. (2000) , 2 to that of García de and 1 to that of Lemaire et al. (2000) . The two remaining samples (FYEU and EMAM) were specific to this study. Samples size was 33±
6.35 with a maximum of 63 and a minimum of 9 individuals ( Fig. 1 ; Table 1 ).
Molecular analyses
The eighteen samples have been analysed using a 304 bp fragment of the mitochondrial cytochrome b gene. Specific primers (CBF1 : 5'-CGGTTCGCTCTTAGGCCTATGC-3' and CBR1 : 5'-GGGCAACACATAGCCTACGAAGGC-3') were designed for Dicentrarchus labrax from the sequence of cytochrome b available in Genbank (accession number : AF143189 Additionally, genotypes at six microsatellite loci were available for most of the samples (García de Naciri et al., 1999; Bahri-Sfar et al., 2000) . These data were generated for two new samples, FYEU (Yeu Island, Gulf of Biscay) and EMAM (lagoon of Mar Menor, Western Mediterranean) according to the protocol described in Naciri et al. (1999) .
DNA sequencing
For each mtDNA haplotype identified, the 304 bp PCR products were sequenced directly for two individuals per haplotype by the method of Sanger et al. (1977) using primer CBF1 dye-labelled with fluorescing CY5. Sequences were performed with the "Thermo Sequenase Fluorescent Primer Cycle Sequencing" kit with 7-deaza-dGTP" (USB Corporation, Cleveland, USA) and analysed with the automatic A. L. F. DNA Sequencer (Pharmacia, Biotech, Uppsala, Sweden).
Sequence alignment
All the sequences were automatically aligned and manually corrected with the alignment interface of the automatic sequencer : Alfwin Sequence Analyser Module v2. 10. 06, 1998, (Amersham Pharmacia Biotech, Uppsala, Sweden) . Alignment with already published sequences as those of Allegrucci et al. (1999) were manually performed with the BioEdit software (Hall, 1999) . Lemaire et al. pg. 8
Statistical analyses
Allele and haplotype frequencies as well as population genetic parameters were estimated with the GENETIX v4.02 software (Belkhir et al., 1996 (Belkhir et al., -2002 Weir and Cockerham (1984: fˆ and θˆ). Estimates of f were only computed on microsatellite data. All tests (f or θ = 0) were performed by permutation of alleles or individuals respectively. C θˆ and N θˆ will be used to denote cytoplasmic (mitochondrial) and nuclear (microsatellites) θˆ estimates respectively. The sequential Bonferroni method (Rice, 1989 ) was used for multiple tests. All distance trees were inferred from Reynolds et al.'s (1983) coancestry genetic distance (D = 1-ln (1-θ)) matrix by the NEIGHBOR procedure of the phylogenetic package PHYLIP 3.2 (Felsenstein, 1993) .
For each sample, nucleotidic diversities π (Tajima, 1983; Nei, 1987) were estimated for mitochondrial haplotypic data. Phylogenetic relations between sea bass mitochondrial haplotypes were also investigated. The average transition/transversion ratio among pairwise comparisons of sequences and nucleotidic distances were estimated using the Kimura 2-parameters model (Kimura, 1980) implemented in the MEGA 2.1 software ). The different D. labrax haplotypes were compared with a sequence of the congeneric species Dicentrarchus punctatus, the spotted sea bass (Genbank accession number : AF240740). A network of phylogenetic relationships between haplotypes was reconstructed by the split decomposition (Bandelt and Dress, 1992) method implemented in SPLITS TREE 3.2 (Huson, 1998 ; see also Posada and Crandall, 2001 for comments about network and 10). After this first step, both parameters were adjusted (M=5 and T=10) and the process was repeated five times with a different seed number for checking the stability of estimates.
For each replicate the settings of the Markov Chain were fixed at 5 million steps and a burning time of 1 million steps.
We have also performed a neutrality test using molecular variation on the cytochrome b gene. The Tajima's neutrality test (Tajima, 1989 ) is based on haplotype sequence information and compares two estimators of θ (2N ef µ; N ef being the female haploid effective size and µ the mutation rate) under an infinite-site model without recombination which is appropriate for mitochondrial genome. It detects an eventual departure from mutation-drift equilibrium which could be caused either by selection or changes in effective size like bottlenecks. This test was carried out on the haplotypes of cytochrome b using the ARLEQUIN software (Schneider et al., 2000) .
RESULTS
Gene and haplotype diversities
The analyses of the 304 bp fragment of cytochrome b by SSCP on 594 individuals revealed seven haplotypes named A, B, C ,D, E, F and G. This result was confirmed by sequencing of two individuals sharing each haplotype. We did not find heteroplasmy in any individual, a result concordant with the data of Patarnello et al. (1993) on the cytochrome b and contrary to Cesaroni et al. (1997) on the D-loop (Table 2 ). Cytochrome b data gave haplotype diversities ranging from 0.00 (FSET, one haplotype fixed) to 0.69 (MNAD). At the nuclear loci, estimates of multilocus He nb ranged from 0.84 (TGOU and TISK) to 0.91 (PAVR; Table 3 ). As previously observed by Naciri et al. (1999) Naciri et al. (1999) . The new sample (FYEU) was clearly assigned as Atlantic at both nuclear and cytoplasmic loci.
Population differentiation
Genetic differentiation at the mitochondrial locus appeared to be several fold greater than that observed at microsatellite loci (see Table 4 ). 
Phylogeny of haplotypes
Kimura-2-parameters distances (Kimura, 1980) have been estimated with a mean transition/tranversion rate of 2.6 (Table 5) was θˆ = 0.785 and the migration rate estimate was M = 0.384, suggesting that on average one female is exchanged between the two basins every three generations. Estimates of T were more difficult to assess because the distribution of T reached a plateau at T= 3.5 and did not decrease for higher values (not shown). However, we could consider that the value of T = 3.5 might represented the minimum divergence time.
No departure from mutation/drift equilibrium has been observed except at the BANV sample p<0.01 ; data not shown). Nevertheless after a Bonferroni correction for multiple tests (Rice 1989 ) the departure did not remain significant. Lemaire et al. pg. 13 DISCUSSION In the present paper, we further documented the pattern of genetic differentiation across a transition zone for the marine teleost fish, Dicentrarchus labrax. Natural populations of the European sea bass have been the subject of many studies using several types of markers although few studies have focused on transition zones . Genetic variation at the mitochondrial cytochrome b was analysed and compared to previous published data on microsatellite loci (Naciri et al., 1999) . In the following we discuss the possible phylogeographic origin of D.
labrax present-day populations, we explore the cause(s) of the strongly contrasted levels of mitochondrial and microsatellite θˆs observed at the inter-basin level, and finally we discuss of the implication of this finding in the maintenance of the genetic transition between
Atlantic-Alboran and Mediterranean populations.
Phylogeography of D. labrax
The mitochondrial variation in sea bass is consistent with an ancient history. When looking at the network in Figure 4 , it is apparent that the most frequent Mediterranean It is nevertheless very difficult to unambiguously prove that mtDNA flow still occurs across the barrier. However, the frequency gradient observed within the Atlantic (Fig. 2) seems to be compatible with an introgression queue which would have been homogenised if gene flow had stopped for long.
Reduction of inter-basins gene flow
The estimate of genetic differentiation observed at microsatellite loci is the same as that reported by Naciri et al. (1999) . This N θˆ estimate could correspond to a number of effective migrants per generation of about 11 for a Ne of 10 4 and a migration rate m of 10 -3 .
However, taking into account the important dispersal potential of D. labrax (Pickett and Pawson, 1994) , this estimate of realised gene flow appears to be quite low.
Several hypotheses could be proposed to explain the persistence of the observed genetic differentiation. The equilibrium between migration and drift may not have been reached since the last contact event. In this case, despite a currently greater gene flow, the genetic differentiation may be overestimated because of incomplete re-homogenisation.
However, if we suppose that the contact between the two differentiated populations occurred at the end of the last glaciation (ca. 15 000 years ago) and a generation time of two to three years, 5000 to 7500 generations may have occurred up until now. In a simple model with migration and drift, Slatkin (1985) has shown that equilibrium is reached in about t = 1/m generations. Assuming a migration rate m ≈ 10 -3 as given above, the time required for reaching equilibrium would be around t = 10 3 generations. Thus the apparent migration rate (m=10 -3 ) and the time elapsed since the last glaciation (>5000 generations) are compatible with an equilibrium situation. A non equilibrium state since the presumed time of secondary contact would imply a lower migration rate. We can thus consider that, equilibrium reached or not, the effective gene flow between the Atlantic and Mediterranean basins is reduced (a few successful individuals per generations).
A possible explanation for this reduced gene flow would be that the Almeria-Oran front, where incoming Atlantic waters meet resident Mediterranean layers, may constitute a physical barrier for migration. If this is eventually plausible at the larval stage, this certainly is not the case for juveniles and adults that are excellent swimmers able to withstand large salinity and temperature changes (Barnabé, 1980; Pickett and Pawson, 1994) even if certain genotypes seems to be more adapted than others to salinity changes in Mediterranean (Allegrucci et al., 1994; Lemaire et al., 2000) . Moreover, although genetic discontinuity between Atlantic and Mediterranean populations has been reported for some species (see for instance Daguin et al., 1999; Garcia-Martinez et al. 1999; Lundy et al. 1999) , genetic homogeneity has nonetheless been observed on each side of the water front in species with similar or even less pronounced dispersal abilities (Borsa et al. 1994 , Blanquer et al. 1992 , De Metrio 1995 . Hydrological factors alone are therefore unable to explain the persistence of the observed genetic disjunction. We should therefore consider the presence of a genetically determined barrier resulting from population vicariance in conjunction with a physical barrier, both of which are expected to coincide (Barton 1979 ). There are some good examples in the marine literature where the problem of the possible co-occurrence of a physical and a genetic barrier is addressed, including Point Conception in California (review in Burton 1998) and Cap Canaveral in Florida (review in Briggs 1974; Avise 1992; Cunningham and Collins 1994) . In both cases, although currents are thought to reduce dispersal, they seem to be insufficient by themselves to explain the differentiation observed for certain species while genetic homogeneity can be found in the same area for other species with similar dispersal abilities.
Comparisons of differentiation levels between nuclear and cytoplasmic loci
The inter basin θ C estimate at mitochondrial cytochrome b is more than thirty times greater than the θ N estimated at the six nuclear microsatellite loci. Let N e and N ef be the total and female effective sizes respectively and m and m f the total and the female migration rate respectively. In populations with balanced sex-ratio at mutation-drift equilibrium, and because of haploidy (vs. diploidy) and maternal (vs biparental) inheritance, the estimate of θ at a cytoplasmic locus is expected to be about fourfold larger than at a nuclear one:
With the expressions of θˆ being m Ne Fitzsimmons et al., 1997a) for a mitochondrial locus. Thus, with respect to the above-mentioned conditions, the nuclear gene flow is expected to be at most twice as large as the mitochondrial one. Any departure from these conditions could lead to another ratio between nuclear and mitochondrial θs and gene flow estimates. For example, a sex ratio bias in favour of males would lead to a reduced female effective size and therefore an increased sensitivity to drift effect that implies a higher C θˆ.
Sex related migration rate may also introduce a strong bias in the comparison between cytoplasmic and nuclear genetic variation. A female effective migration smaller than the male one would directly increase C θˆ.
In the following we discuss the possible contribution of drift, mutation, migration and finally reproductive isolation in relation to the strong discrepancy observed between genetic variation at nuclear and mitochondrial loci.
Drift
First, the twenty five-fold difference observed here could be due to a reduced effective population size in females caused by a male biased sex ratio. In fact, a reduced female effective population size, which would increase drift effects and decrease the female gene flow, could lead to a much larger estimate of θ at a mitochondrial locus. A comparative study of mitochondrial and nuclear genetic variation may reveal a bias in sex ratio. Such a bias has been observed in reared stocks of sea bass (Bruslé and Roblin 1984; Blasquez et al. 1995) with an average of 80% of males. Observations in natural samples are discordant since there is evidence of both male (García de León 1995) and female biased sex ratios (Arias 1980) . The condition of a ratio of 4 between nuclear and mitochondrial θˆs seems to be fulfilled at the intra-basin level (2.71 for Mediterranean and 4.11 for Atlantic/Alboran) but not for interbasin comparisons (37.65). If differences in θ estimates between cytoplasmic and nuclear markers were due to biases in sex ratio, we should observe the same differences at intra and inter basin levels. Thus male biased sex ratio, if it does exist, cannot in itself explain the observed differences of genetic variation between loci.
Mutation
Differences in mutation rate between class of markers could be invoked to explain the differences in level of genetic variation. On one hand, mitochondrial DNA of vertebrates is reputed to evolve rapidly (see for review Avise, 1994; Gerber et al., 2001; Rand, 2001 ) and could lead to elevated diversity and high divergence between isolated populations.
Microsatellite loci are also known to evolve at high mutation rates (see for instance, Jarne and Lagoda 1996; Slatkin 1995) , a feature which is often associated with homoplasy (Estoup et al. 1995; Garza and Freimer 1996; Viard et al. 1998 ) and which could mimic gene flow and decrease the estimation of genetic differentiation. Is size homoplasy on microsatellite responsible of the observed differences in θˆ? In a recent study, Estoup et al. (2002) have shown that homoplasy occurring at microsatellite loci rarely affects the estimation of θ , especially when migration is prominent in face to mutation. A study on the flat oyster (Ostrea edulis) (Launey et al., 2002) reaches the same conclusions about the level of genetic differentiation between microsatellites and allozymes.
Another explanation would be that estimate of θ at highly variable loci like microsatellites would asymptotically approach a value inversely proportional to the amount of polymorphism present at intra-population levels (Hedrick, 1999) . Thus, the small amount of inter-population variation at microsatellites could be explained by the high intra-populational gene diversities compared to the ones observed at cytochrome b. However, the genetic variation of microsatellite loci in sea bass is far from the limit as shown by the two following examples. First, the genetic variation in the congeneric species Dicentrarchus punctatus is five time larger than in D. labrax at the same microsatellite loci, despite a greater number of alleles . Secondly, in the study of Benharrat et al. (1983) , 19 allozymic loci were analysed on four (three Mediterranean and one Atlantic) samples.
Enzymatic markers are assumed to mutate less than both mitochondrial (Avise, 1994 ) and microsatellite loci. When an unbiased sex ratio, no sex biased migration rate and neutrality for each markers are assumed, the level of differentiation at allozymes is at most fourfold smaller than at cytochrome b (i.e. 0.67/4 = 0.167). We have estimated the θ parameter (Weir and Cockerham, 1984) from genotype frequencies reported in the study of Benharrat et al. (1983) . Lemaire et al. pg. 20 The inter-basin differentiation reaches θˆA tl-Med = 0.263 (p<0.001) when all loci are considered. However, one locus (Me-1) strongly differentiates the two basins (θˆA tl-Med = 0.594, p<0.001) and may not be neutral considering its implication in selective processes in Mediterranean (Allegrucci et al., 1994 Lemaire et al., 2000) . After removing this locus, θˆA tl-Med decreases to 0.077 (p<0.001), and is of the same order of magnitude as microsatellites (θˆA tl-Med = 0.025, p<0.001) and far from what was expected if it was a quarter of the mitochondrial value (0.167).
We can thus conclude that differences in mutation rate are not likely to explain the discrepancy between nuclear and cytoplasmic markers.
Migration
Sex biased migration rates have been deduced from comparison of cytoplasmic and nuclear markers in many terrestrial and freshwater macaque monkeys (cercopithecinae; Melnick and Hoelzer 1992) , oilbirds (steatornithidae; Guttiriez 1994), broad white fish (salmonidae; Patton et al. 1997) , kokanees (salmonidae; Taylor et al. 1997 ) and various marine organisms (marine green turtles, Fitzsimmons et al., 1997a, b; humpback whales, Palumbi and Baker 1994; sperm whales, Lyrholm et al. 1999) . One more time, if differences in θ estimates between cytoplasmic and nuclear markers were due to a systematic sex-biased migration, we should observe the same differences at intra and inter basins level.
Reproductive isolation mechanisms
Finally, to explain a far more pronounced reduction in mtDNA compared to nuclear gene flow between the two basins than within each basin, sex-biased reproductive isolation or direct selection acting on mtDNA may be invoked. Although selection is known to occur on mtDNA (see for review Gerber et al. 2001; Rand et al. 2001 ), a direct involvement of mtDNA in the barrier, in the form of disruptive exogenous natural selection, seems unlikely. On the other hand, accumulating evidence suggests that the mitochondrial genome is involved in epistatic relation with nuclear genes and that it could adapt to differentiated nuclear backgrounds (Clark and Lyckegaard 1988; Gerber et al. 2001; Rand et al. 2001) . A second possibility lies with the maternal inheritance, as female-biased hybrid breakdown may account for the results obtained. One can hypothesise that female hybrids between Atlantic and Mediterranean individuals could be counter-selected, or that hybrid individuals differentiate much less often into females than males (a large part of sex-determinism in sea bass seems to be eco-phenotypic, with a quite long undetermined period of six months (Saillant et al. 2002; 2003) ). Female gene flow would thus be restricted as observed in our data. Sex-biased migration behaviour may also have differentially evolved in each basin.
Philopatric behavioural process implies reproduction of females in their area of origin. Pickett and Pawson (1994) 
mentioned migrations linked to reproductive events in North Eastern
Atlantic sea bass but no behavioural differences associated with sex. Differentiating among the possible isolation mechanisms requires further experimental and ecological observations, but we are nonetheless left with fewer possible mechanisms which could account for the mtDNA differentiation observed. Female hybrid breakdown and/or female philopatry are the most likely hypotheses which could account for the data and thus should be examined in the future. Lemaire et al. pg. 22 An hybrid zone in Alboran Sea?
Two observations suggest that the differentiated genomes may meet in a hybrid zone in Alboran Sea.
First, the sample from Mar Menor is significantly differentiated from all the other samples at nuclear loci and is typically Mediterranean at mitochondrial locus. Three microsatellite loci cluster this sample to the Mediterranean group while the three remaining loci clusters it nearer to Atlantic samples. This (Weir 1979) in the Alboran Sea (Fig. 5) . This is expected in hybrid zones, where individuals from source populations are in contact but reproductive isolation mechanisms impede gene flow and maintain the genetic differentiation.
In such a case, a greater correlation between loci in contact zone than in source population is observed (Barton and Hewitt 1985; . Linkage disequilibria sensu stricto were not estimated because of small sample size of the two Alboran samples. Such an observation further corroborates the genetic feature of the barrier to gene flow.
Genetic divergence is often correlated with hydrographical features in the sea.
Accumulating evidence suggests that such physical barriers are often insufficient to explain Lemaire et al. pg. 23 observed genetic differentiation. The comparison of genetic variation at nuclear and cytoplasmic loci for the European sea bass has enabled us to conclude that the Atlantic/Mediterranean differentiation is not only due to the Almeria-Oran front but also to other reproductive isolation processes. The physical barrier seems to rely, at least partly, on sex-biased reproductive isolation. Moreover, intermediate populations are found in the Alboran Sea. We may therefore hypothesise that the front has played a role in the localisation of the genetic barrier but not in its maintenance. It is indeed expected that hybrid zones should come to be localised in regions of limited dispersal (Barton 1979) , although a physical barrier alone would be insufficient. (Weir, 1979) at the 18 samples of Dicentrarchus labrax.
